rities, and a fraction of 6 ml was collected at a flow rate of 1 ml/min. The proteins in the elution were monitored by native PAGE. The column was then eluted with linear gradient consisting of 100 ml of solution A and 100 ml of solution A containing 0.5 M NaCl. The fraction identified by native PAGE was collected and applied to Con A Sepharose equilibrated with 0.5 M NaCl, 0.02 M Tris-HCl, pH 7.4, before loading the sample. The eluate was further purified by gel filtration on a column of Sephadex G-150 in 20 mM Tris-HCl buffer. The flow rate was 0.5 ml/min, and 1.5 ml fraction was collected. All procedures were carried out at 4°C.
Enzyme Assay Peroxidase activity was determined using an assay system consisting of 20 mM guaiacol (0.05 ml), 40 mM H 2 O 2 (0.05 ml), and the enzyme extract (0.01 ml), and 50 mM phosphate buffer was added in a final volume of 3 ml. Oxidation of guaiacol was measured by the increase in absorbance at 470 nm. One unit of enzyme activity was defined as the amount of enzyme required to increase the absorbance by 0.001/min.
Protein Assay Protein concentrations were determined using the Bradford reagent. The absorbance of the reaction mixture was measured at 595 nm with bovine serum albumin (BSA) as standard.
SDS-PAGE and Native PAGE SDS-PAGE was carried out by the method of Laemmli. Samples were heated in the presence of 2-mercaptoethanol for 10 min at 100°C. Gel was stained with coomassie brilliant blue R-250. Native PAGE gel was stained with guaiacol.
Amino Acid Analysis The protein was hydrolyzed with 6 M HCl at 110°C for 24 h in a sealed evacuated tube and was analyzed on an amino acid analyzer.
pH Stability and Thermostability The pH dependence of the enzyme was measured by incubating the samples in the following buffers at room temperature: sodium acetate for pH value ranging from 4.0 to 6.0, phosphate buffer for pH value ranging from 6.5 to 8.0 and glycine-NaOH buffer for pH value ranging from 8.2 to 9.5, respectively. For examination of thermostability, samples in sodium acetate buffer were heated for 30 min at temperatures as indicated above and then were cooled on ice immediately, and the activity was determined by titration.
Oxidative Coupling of Ferulic Acid in Aqueous Acetone Ferulic acid (0.4 g) was dissolved in acetone (10 ml), and a solution of buffer (20 mM NaOAc-HOAc, pH 5.0, 40 ml) was added. H 2 O 2 (0.3%) and aqueous MCP were slowly added within a span of 10 min to the reaction mixture, which was stirred at room temperature for another 4 h. The mixture was extracted with ethyl acetate and evaporated to dryness. The products were separated using sephadex LH-20 column eluted with methanol. Pure compound (FA-2) was obtained, and the reaction mixture (FA-1) that did not contain FA-2 by TLC examination was evaporated to dryness. 
Preparation of Splenocyte Suspensions The spleen was aseptically removed from the BALB/c mice, crushed gently and separated into single cells by squeezing in Hank's solution. The cells obtained were passed though eight layers of gauze and centrifuged at 1000 rpm for 10 min at 4°C. The pellet was added to 10 ml sterile Tris-NH 4 Cl, pH 7.5, followed by centrifugation to remove erythrocytes. After washing twice, splenocytes were resuspended in the medium before being used for the culture experiments.
Determination of Nitrite Concentration Splenocytes were suspended in phenol red-free RPMI 1640 supplemented with 10% newborn bovine serum (NBS). They were incubated for 96 h. The supernatants were used for the NO assay as described previously. 17) NO production was determined using the Griess reagent. Briefly, 100 ml of supernatant was incubated with an equal volume of Griess reagent for 10 min at room temperature. The optical density (OD) at 540 nm was then measured using a spectrophotometer. The amount of nitrite was calculated according to the NaNO 2 standard.
Determination of TNF-a a Splenocytes were suspended as described previously. 18) They were incubated with different concentrations of FA, FA-1, and FA-2 for 96 h. The supernatants were used for the TNF-a assay. A 100 ml of supernatant was added to 96-well microplates on which L929 cells were incubated; after 24 h, the number of cells were measured by MTT method. The amount of TNF-a was calculated according to the TNF-a standard.
Proliferation Assay Splenocytes in RPMI 1640 medium were added to 96-well microplates (5ϫ10 5 /well) in the presence or in the absence of 2ϫ10 Ϫ6 g/ml of PHA or 5ϫ10 Ϫ6 g/ml of Con A, and co-cultured for 48 h at 37°C. After incubation, 20 ml of 5 mg/ml MTT solution was added to culture for 4 h. The supernatant was then aspirated out carefully, and 100 ml DMSO was added to dissolve the precipitation. The OD at 540 nm was determined by using a spectrophotometer. The stimulation index (SI) was calculated as the ratio of the OD value in mitogen-treated cells to that in non-treated cells.
19)
Quantitation of DNA Fragmentation DNA fragmentation was quantified by diphenylamine method as described previously by Emlen et al. 20) with minor modifications. Briefly, splenocytes suspended as described previously were harvested by centrifugation at 200 g for 10 min at 4°C after 24 h incubation. The pellets were lysed with 200 ml hypotonic lysis buffer (10 mM Tris, 1 mM EDTA, pH 7.5) containing 0.5% Triton X-100 and 100 mg/ml proteinase K, and resultant lysates were centrifuged at 18000 g for 10 min at 4°C to remove intact chromatin. The supernatant, containing fragmented DNA, was transferred into the separate microfuge tube that loaded the supernatant from first centrifugation. Both pellet and supernatant were precipitated overnight at 4°C in 12.5% trichloroacetic acid, and the precipitates were sedimented at 18000 g for 10 min at 4°C. Then, the DNA in precipitates was hydrolyzed by heating to 90°C for 10 min in 300 ml 5% trichloroacetic acid, and then 600 ml of diphenylamine reagent (0.15 g diphenylamine, 0.15 ml sulfuric acid, 2.5 ml 40% acetaidehyde/10 ml glacial acetic acid) was added to each tube. After the color development overnight at room temperature, the absorbance was read at 595 nm. The ratio of DNA fragmentation was referred to as the percentage of the fragmented DNA to the total DNA.
Statistical Analysis Data were expressed by meanϮS.D. The significant difference was valued by one-way analysis of variance (ANOVA) followed by Dunnett's t test for comparison among multiple groups. Student's t test was used for determination of difference between two groups. pϽ0.05 was considered significant.
RESULTS

Purification and Characteristics of MCP
The purification procedure is summarized in Table 1 . The treatment of ammonium sulfate can eliminate a certain amount of pigments. MCP was found to be precipitated with high concentrations of ammonium sulfate in the range of 40-80%. The precipitate was equilibrated with Tris-HCl buffer and applied to the ion exchange column chromatography on DEAESepharose FF. After the affinity chromatography on Con A Sepharose, the enzyme was eluted as a main sharp peak on gel filtration on Sephadex G-150 (Fig. 1 ). Fractions were identified by native PAGE stained with guaiacol, only fractions containing active MCP were collected and pooled for further experiment. The purified peroxidase showed a single band on SDS-PAGE when stained with Coomassie Brilliant Blue R-250. Its molecular weight was between 43.0 to 66.2 kDa, and near 43.0 kDa by SDS-PAGE assay (Fig. 2) . Although the MCP was further purified by RP-HPLC and applied to matrix-assisted laser desorption/ionization time of flight mass spectra (MALDI-TOF-MS), the accurate weight has not been determined. The purification of MCP was increased 46-fold by a series of chromatographers as summarized in Table 1 , respectively.
Amino acid analysis using acid hydrolysis revealed a high content of acidic amino acid ( Table 2 ). The peroxidase had an optimum pH 5.0 with guaiacol alcohol as its substrate and was stable between pH 3.8-8.0. Thermal stability test also showed that the activity was not decreased significantly between 20-55°C. Addition of cyanide could completely inhibit the enzyme.
Oxidation of FA by MCP to Its Dehydrodimer (FA-2) The reaction was carried out in aqueous acetone as described in Materials and Methods. Different pH value and several solvents including menthol were tested, but the HPLC analysis showed that the pattern of products had not been changed much. The main product (FA-2) was obtained as yellow powder. In the ESI-MS, the molecular ion peak was observed at MCP was purified by a series of chromatographers as described in Materials and Methods. All operations were performed at 4°C. Fractions (1.5 ml) at flow rate of 0.5 ml/min were collected. The chromatographs were recorded with a Pharmacia LKB 2210 single channel chart recorder. Fractions were identified by native PAGE stained with guaiacol, only fractions containing active MCP were collected and pooled for further studies. ] suggested that the structural patterns of FA-2 were similar to those of parent FA. However, the signal of double bond in 13 C-NMR spectrum disappeared. From the evidences of IR, 1 H-and 13 C-NMR spectra, we could identify the structure of FA-2 as showed in Fig. 3 . No correlation between H-8, H-8Ј and H-7, H-7Ј in NOESY spectrum of FA-2 indicated H-8, H-8Ј and H-7, H-7Ј existing in different side of the molecule. There were other unidentified compounds left in reaction mixture (FA-1) that were evaporated to dryness for further activity assay.
Effects of FA, FA-1 and FA-2 on Inflammatory Factors Such as NO, TNF-a a Released by Splenocytes Stimulated by Mitogens NO production was determined in the supernatant of splenocytes stimulated by Con A and phytohemagglutinin (PHA). As shown in Fig. 4 , FA-1, FA-2 dose-dependently inhibited NO release of splenocytes induced by PHA, but not Con A, whereas FA exerted little effect. Moreover, FA-2 was stronger with respect to inhibition of NO than FA-1 (Fig. 4) . Their effects were examined concerning the release of TNF-a of above splenocytes. As shown in Fig. 5 , they all showed significant inhibition on the release of TNF-a of splenocyte treated by PHA. FA-2 was the most powerful among them, while only FA-2 could remarkably diminish the release of TNF-a of splenocyte induced by Con A (Fig. 5) .
Inhibition by FA, FA-1 and FA-2 on Proliferation of Spleen Cells Induced by PHA and Con A After splenocytes were cultured with different concentrations of FA, FA-1, and FA-2 for 96 h, the proliferation was measured by MTT method. As shown in Fig. 6 , FA, FA-1, and FA-2 significantly inhibited the proliferation of splenocytes induced by PHA in a dose-dependent manner, but FA-2 was more inhibitive than others. In contrast, only a high dosage of FA-2 significantly deceased the proliferation of splenocytes mediated by Con A (Fig. 6) .
DNA Fragmentation of Splenocytes Induced by FA, FA-1 and FA-2 After spleen cells (2ϫ10 6 ) were incubated with indicated concentrations of FA, FA-1 and FA-2 for 2 h, DNA fragmentation was quantified by diphenylamine method as described in Materials and Methods. They significantly facil- The acetone solution of FA was mixed with a reaction buffer. H 2 O 2 and aqueous MCP were slowly added to the reaction mixture, which was stirred at room temperature for another 4 h. The main product FA was purified and identified as described in Materials and Methods. Fig. 4 . Effects of FA, FA-1, and FA-2 on the NO of Splenocytes Induced by PHA and Con A Splenocytes in free-phenol red RPMI 1640 medium were added to 96-well microplates in the presence of or in the absence of PHA or Con A, and co-cultured for 96 h. The nitrite in supernatants was determined by Griess reagent as described in Materials and Methods, and the amount was calculated according to the NaNO 2 standard. The data indicated the meanϮS.D. One-way ANOVA revealed significant difference at pϽ0.01. ## pϽ0.01, vs. normal; * pϽ0.05, ** pϽ0.01, vs. control (Dunnett's t test). Splenocytes in RPMI 1640 medium were added to 96-well microplates in the presence of or in the absence of PHA or Con A, and co-cultured for 96 h. TNF-a in supernatants was determined as described in Materials and Methods. The amount of TNF-a was calculated according to standard TNF-a. The data indicated the meanϮS.D. Oneway ANOVA revealed significant difference at pϽ0.01. ## pϽ0.01, vs. normal; * pϽ0.05, ** pϽ0.01, vs. control (Dunnett's t test) .
itated the DNA fragmentation of splenocytes in a dose-dependent pattern, and it was observed that FA-2 was more forceful at each concentration to lead to DNA fragmentation than FA-1 and FA (Fig. 7) .
DISCUSSION
Plant peroxidases not only play an important role in metabolism but also are potential tool enzymes for biotransformation. In the present research, a novel MCP with high acidic amino acid was first purified and characterized, its molecular weight was between 43.0 and 66.2 kDa, and near 43.0 kDa, by SDS-PAGE assay (Fig. 2) , and the value was identical with peroxidase from other sources. For example, papaya fruit (41.0-54.0 kDa), 21) tomato (44.0-53.0 kDa), 22) tobacco (36.0 kDa) 23) and horseradish peroxidase c (44.0 kDa). 24) . The UV-vis spectrum showed the peak in 450 nm corresponding Soret band, and this value is similar to other typical class III peroxidase such as HRPc (403 nm). 25) MCP's activity was completely blocked by cyanide, an inhibitor of peroxidases. These data showed that MCP was a typical peroxidase.
The amino acid composition of MCP is within the range of the peroxidases from HRPc, soybean seed coat, and horseradish A2.
25) The ratio of acidic amino acid residues and their amides (AsxϩGlx) to the basic amino acid residues (ArgϩLys) of MCP is 3.37. This ratio is considerably higher than cationic horseradish peroxidase E3, E4, E5, and E6 (1.99, 1.97, 1.83, and 1.95, respectively).
22) The activity of MCP nearly produced an invariableness in pH from 3.8 to 8.0 and temperature from 20 to 55°C, suggesting that MCP perhaps was a perfect tool enzyme for biotransformation.
FA, isolated from Traditional Chinese Medicines, was usually used for a substrate oxidated by peroxidases such as lignin peroxidase, and wheat germ peroxidase. 15, 16) Therefore, MCP catalyzed oxidation of FA was investigated. MCP transformed FA in aqueous acetone to produce main complex denominated FA-2 and other complexes called FA-1. FA-2 was identified by IR, ESI-MS, 1 H-, 13 C-NMR and NOESY as its dehydrodimer (Fig. 3) , which was not naturally found in plants.
FA showed powerful anti-inflammatory action that was often used to be a comparison compound. 13) In the present research, FA-2 was prepared in high purity and detected by TLC, and there was also no FA-2 existing in FA-1, so the activities of FA, FA-1 and FA-2 about anti-inflammatory could be compared. FA-2 significantly inhibited the release of proinflammatory factors such as NO, TNF-a and proliferation of spleen cells induced by mitogens such as PHA and Con A in a dose-dependent pattern; it was also observed that FA-2 was more forceful than FA and FA-1 (Figs. 4-6 ). These results were very consistent, suggesting that FA-2 perhaps diminished proinflammatory factors due to its inhibitory effect regarding proliferation. Furthermore, they all dose-dependently induced DNA fragmentation of splenocytes, with FA-2 being much better than the others at every concentration as indicated (Fig. 7) . This result suggested that apoptosis was involved in FA-2-mediated anti-inflammation because DNA fragmentation was an important biochemical character of apoptosis. The apoptosis and its mechanism still need further investigation. These data indicated that FA and its derivatives, FA-2 and FA-1, exerted their anti-inflammation by affecting the immune system. The similar compounds of FA-2 isolated from rhizomes of Coptis japonica also inhibited inflammation through interference with immune cells. 26) So mechanisms of FA-2-mediated anti-inflammation were different from nonsteroidal anti-inflammatory drugs.
In conclusion, a novel MCP isolated from the fruits of Momordica charantia as a tool enzyme transformed FA to FA-2, which had more powerful anti-inflammation than FA. One of the effects of FA-2-mediated anti-inflammation was the inhibition of the release of proinflammatory factors and prolifer- ation of lymphocytes, which maybe was associated with apoptosis induced by FA-2. These were the basis for further application of MCP in biotransformation and development of FA-2 as an anti-inflammatory drug.
